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1. INTRODUCTION {#jia225542-sec-0005}
===============

After patients initiate antiretroviral therapy (ART) for treatment of HIV, laboratory monitoring of patient progress is critical to ensuring treatment success. For individual patients, this means reaching and maintaining a suppressed viral load. At the population level, programme success is often assessed based on the UNAIDS recommended 90‐90‐90 targets \[[1](#jia225542-bib-0001){ref-type="ref"}\], of which the third 90 seeks to get 90% of those on ART to achieve viral suppression. Achieving this goal is particularly important as trials \[[2](#jia225542-bib-0002){ref-type="ref"}\] and cohort studies \[[3](#jia225542-bib-0003){ref-type="ref"}, [4](#jia225542-bib-0004){ref-type="ref"}\] have shown that those who are virally suppressed are extremely unlikely to transmit the virus to uninfected partners. This is further supported by observational data showing the reductions in HIV incidence are associated with HIV treatment in Uganda \[[5](#jia225542-bib-0005){ref-type="ref"}\] even if trials have yet to show such benefits in large treat‐all programmes \[[6](#jia225542-bib-0006){ref-type="ref"}, [7](#jia225542-bib-0007){ref-type="ref"}, [8](#jia225542-bib-0008){ref-type="ref"}, [9](#jia225542-bib-0009){ref-type="ref"}\].

The World Health Organization recommends national programmes which use viral load monitoring for patients on ART \[[10](#jia225542-bib-0010){ref-type="ref"}\] to determine whether treatment has been successful and to guide clinical staff on when to switch treatment to second‐line regimens, indicated if the virus is resistant to first‐line therapy. Not all countries are able to provide viral load testing as part of national programmes but for those that do, patients with an elevated viral load are recommended to undergo adherence counselling and then have a repeat measure within three to six months to determine if treatment failure has occurred and the treatment regimen should be switched. In the absence of widespread resistance testing in low‐ and middle‐income countries, patients who do not resuppress after adherence counselling are typically switched to second‐line treatment. While timely repeat testing is important to guide clinical care, the limited data that exist suggests that time to repeat viral load testing varies strongly by country and clinic and retesting is often delayed \[[11](#jia225542-bib-0011){ref-type="ref"}, [12](#jia225542-bib-0012){ref-type="ref"}, [13](#jia225542-bib-0013){ref-type="ref"}, [14](#jia225542-bib-0014){ref-type="ref"}, [15](#jia225542-bib-0015){ref-type="ref"}\] and this can have negative consequences for patient morbidity, onward transmission and the spread of resistant strains.

Delays in repeat viral load testing are likely related to both patient and provider‐level factors. Patients who have an unsuppressed viral load may not return on time for visits in which counselling and repeat monitoring would be done, or may drop out of care altogether. However, even if patients do follow prescribed clinic visit schedules, providers may not be fully aware of testing protocols or may feel it is safe to allow more time before repeating the viral load in patients who have had a first elevated viral load. Delays could also be related to patient burden and clinic volume. In some settings, clinicians may not even be aware that a patient returning for care had a first elevated viral load due to gaps in clinical record keeping. Additionally, most sites lack clear site level information on their performance at repeat testing, limiting the ability of clinic managers to make changes. Whatever the reasons, the first step towards rectifying the problem is quantifying it and identifying areas where the problem is greatest, so they can be targeted for intervention.

South Africa has used viral load monitoring since the inception of its national programme in 2004. Under national guidelines, patients with an elevated viral load should receive repeat viral load testing after adherence counselling to determine if resuppression has occurred or if regimen change is needed. There have been studies that have explored time to repeat viral load testing among those who are not suppressed in South Africa \[[11](#jia225542-bib-0011){ref-type="ref"}\], but they have largely been from single clinics and are often from well resourced, heavily researched sites. To date, no national level perspective on time to repeat viral load testing exists. We set out to use anonymized data from South Africa's National HIV Laboratory Cohort \[[16](#jia225542-bib-0016){ref-type="ref"}, [17](#jia225542-bib-0017){ref-type="ref"}, [18](#jia225542-bib-0018){ref-type="ref"}, [19](#jia225542-bib-0019){ref-type="ref"}, [20](#jia225542-bib-0020){ref-type="ref"}, [21](#jia225542-bib-0021){ref-type="ref"}\] to describe time to repeat viral load testing across South Africa and identify predictors of time to repeat testing.

2. METHODS {#jia225542-sec-0006}
==========

2.1. Cohort creation {#jia225542-sec-0007}
--------------------

For this analysis, we used deidentified data from a cohort originally created using laboratory data that were linked to create a national HIV cohort. We briefly describe the process of the linkage here to give context for the data used even though this analysis only used deidentified data. More detail is provided elsewhere \[[22](#jia225542-bib-0022){ref-type="ref"}, [23](#jia225542-bib-0023){ref-type="ref"}\]. The primary data source for this linkage was the database of all viral loads conducted by South Africa's National Health Laboratory Service (NHLS). NHLS has been the sole provider of laboratory investigations for all of South Africa's public‐sector HIV treatment programme since ART scale up began in 2004 with the exception of KwaZulu Natal, which began using the NHLS in mid‐2010. NHLS has kept a record of all laboratory investigations in a corporate data warehouse. While the data describe the national cohort of patients accessing HIV care in South Africa, records do not contain a validated unique patient identifier but do contain information on name, date of birth, clinic, sex and date of test for each laboratory, in addition to the laboratory result.

Because each of these fields for individual laboratories can be miscoded, misspelled or left missing, laboratory results were matched using probabilistic matching techniques previously described \[[16](#jia225542-bib-0016){ref-type="ref"}, [17](#jia225542-bib-0017){ref-type="ref"}, [19](#jia225542-bib-0019){ref-type="ref"}, [20](#jia225542-bib-0020){ref-type="ref"}, [23](#jia225542-bib-0023){ref-type="ref"}\]. Briefly, the Fellegi--Sunter approach \[[24](#jia225542-bib-0024){ref-type="ref"}, [25](#jia225542-bib-0025){ref-type="ref"}\] was used to compare laboratories on the key variables described above (name, surname, birth date, sex, facility and province) with Jaro--Winkler \[[25](#jia225542-bib-0025){ref-type="ref"}, [26](#jia225542-bib-0026){ref-type="ref"}\] string comparisons \[[27](#jia225542-bib-0027){ref-type="ref"}, [28](#jia225542-bib-0028){ref-type="ref"}\]. A weighted average of each of the values was used for comparison. Further linkage was done to account for name inversions and a list of \>16,000 nicknames, translated names and common misspellings. Finally a graphical technique was applied to break linkages that appear to be improbable. After linkage, the NHLS database could be analysed as a national cohort of patients enrolled in HIV care since 2004. The cohort was validated against a set of nearly 60,000 laboratory records matched manually by a team of research assistants who found that the approach had 6.3% overmatching (laboratories that were matched should not have been) and 1.4% undermatching (laboratories that should have been matched were not) \[[22](#jia225542-bib-0022){ref-type="ref"}\]. The cohort was then deidentified for all further analyses.

2.2. Analytic cohort {#jia225542-sec-0008}
--------------------

We included all patients 18 years of age or older at their first suppressed viral load within the deidentified cohort who had at least one suppressed viral load (≤400 copies/mL) at any time point indicating that patients had initiated HIV treatment and achieved viral suppression. We then limited the analytic cohort to those who had an elevated viral load (\>400 copies/mL) at some point after their initial suppressed viral load between 1 April 2004 and 31 December 2014. During this time period, treatment protocols called for only CD4 monitoring prior to treatment (until 2016 \[[29](#jia225542-bib-0029){ref-type="ref"}, [30](#jia225542-bib-0030){ref-type="ref"}\], when CD4 thresholds were removed \[[31](#jia225542-bib-0031){ref-type="ref"}\]) followed by viral load testing at ART initiation (until 2009) or at six months on ART (after 2009) then yearly thereafter. As a proxy for time on treatment we subtracted the date of first laboratory result of any kind (an indication of entering care) from the date of eligibility (first elevated viral load after previously being suppressed).

2.3. Follow‐up {#jia225542-sec-0009}
--------------

Follow‐up time started on the date of first elevated viral load after previously being suppressed, until the time of a repeat viral load. We excluded viral loads conducted within two weeks of the first elevated viral load as these were likely confirmatory tests. Follow‐up time accrued from the date of first elevated viral load until the earliest of: 1) a repeat viral load measurement (primary outcome); 2) completion of 24 months of follow‐up (defined as 24 months without a laboratory value \[[32](#jia225542-bib-0032){ref-type="ref"}, [33](#jia225542-bib-0033){ref-type="ref"}, [34](#jia225542-bib-0034){ref-type="ref"}, [35](#jia225542-bib-0035){ref-type="ref"}\]); or 3) dataset closure on 31 December 2016. Because this is a laboratory cohort with no visit data, failure to have a repeat viral load test within 24 months is the same as being lost to follow‐up. We did not include anyone with a first elevated viral load after December 2014 to allow each person a potential of 24 months of follow‐up. Unlike most cohorts, we can identify when patients move from one facility to another through linkage of laboratory results, even if the patient self‐transferred. Patients who self‐transfer typically appear as lost to follow‐up in clinical cohorts result in an overestimation in estimates of attrition. We did not censor a patient if they transferred to a new facility, but instead included repeat viral loads if they were within the relevant time period even if subsequent viral load measurements occurred at a different facility.

2.4. Outcome {#jia225542-sec-0010}
------------

Our primary outcome was time to repeat viral load after a first elevated viral load, after previously being suppressed. Within the HIV care and treatment programme in South Africa, protocols for monitoring patients with an elevated viral load have changed over time. Guidelines have called for adherence counselling for patients with an elevated viral load and have changed over time. Table [S1](#jia225542-sup-0001){ref-type="supplementary-material"} shows the recommendations over time. Prior to 2019, those with a measurement between 400 and 1000 copies/mL should have a repeat viral load at six months, whereas patients with a viral load \>1000 copies/mL should have a repeat viral load test within three months. Thus, we looked at the proportion of patients who received repeat testing consistent with these guideline monitoring timeframes. To give patients sufficient time to get repeat testing we defined appropriate testing to have occurred if a repeat test was done within nine months for those with a viral load between 400 and 1000 copies/mL and within six months for those with a viral load \>1000 copies/mL. We note that this is different from other analyses where we have used a stricter definition of repeat testing. As a secondary outcome, we assessed time to suppressed viral load, that is time to a repeat viral load test where the result was \<400 copies.

### 2.4.1. Statistical methods {#jia225542-sec-0011}

We described time from first elevated viral load until a repeat viral load using Kaplan--Meier curves. We looked for predictors of time to repeat viral load test using Cox proportional hazards regression. Potential predictors included sex, age, CD4 count at time of elevated viral load (defined as closest CD4 count within +12 months), time on ART, value of elevated viral load (400 to 1000,1001 to 10,000, \>10,000 copies/mL), year of elevated viral load, clinic size (total number of patients who had initiated ART at time of elevated viral load, divided into quintiles) and province. We did not use any imputation for missing data.

The study was approved by the Boston University Institutional Review Board and the Human Research Ethics Committee of the University of the Witwatersrand. We only used deidentified data. Both ethics boards approved analysis of deidentified data with a waiver of consent.

3. RESULTS {#jia225542-sec-0012}
==========

Approximately 3.5 million subjects over the age of 18 years old had a viral load measurement done between 1 April 2004 and 31 December 2014 (Figure [1](#jia225542-fig-0001){ref-type="fig"}). Of these, 371,648 were eligible for inclusion in the analytic cohort. Patient characteristics at the data of first unsuppressed viral load after first suppressed viral load are summarized in Table [1](#jia225542-tbl-0001){ref-type="table"}, stratified by whether or not the patient had a repeat viral load after the enrolment elevated viral load. The majority of the cohort (67%) was female and median (IQR) age was 36 (30 to 43). In total 84% of the cohort had their first elevated viral load between 2010 and = 1 suppressed viral load\" : 5/26/2020, 01:21:10 PM\" timestamp=\"1590513670463\"\>2014.

![Study eligibility flow chart for creation of a cohort of patients with an initial elevated viral load (≥400 copies/mL) in South Africa's National HIV Cohort between 2004 and 2014.](JIA2-23-e25542-g001){#jia225542-fig-0001}

###### 

Characteristics of patients in South Africa's National HIV Cohort with a first elevated viral load (\>400 copies/mL) after an initially suppressed viral load between 2004 and 2014 (n = 371,648)[^a^](#jia225542-note-0001){ref-type="fn"}

  Characteristic                                                                        Repeat viral load (Row %)   No repeat viral load (Row %)   Total (column %)
  ---------------------------------------------------------------------- -------------- --------------------------- ------------------------------ ---------------------
  Sex                                                                                                                                              
  Female                                                                 n (%)          210,811 (85.2)              36,542 (14.8)                  247,353 (67.4)
  Male                                                                   n (%)          97,010 (81.1)               22,599 (18.9)                  119,609 (32.6)
  Age (years)                                                            Median (IQR)   36 (30 to 43)               35 (30 to 43)                  36 (30 to 43)
  \<25                                                                   n (%)          17,936 (79.3)               4693 (20.7)                    22,629 (6.1)
  25 to 30                                                               n (%)          47,695 (83.0)               9804 (17.0)                    57,499 (15.5)
  30 to 40                                                               n (%)          132,777 (84.6)              24,112 (15.4)                  156,889 (42.2)
  40 to 50                                                               n (%)          77,052 (85.2)               13,366 (14.8)                  90,418 (24.3)
  \>50                                                                   n (%)          36,330 (82.2)               7883 (17.8)                    44,213 (11.9)
  CD4 count at ART initiation (cell/mL)                                  Median (IQR)   335 (206 to 497)            277 (149 to 434)               326 (196 to 488)
  \<50                                                                   n (%)          10,790 (69.4)               4,768 (30.6)                   15,558 (4.3)
  50 to \<100                                                            n (%)          14,440 (77.0)               4,318 (23.0)                   18,758 (5.2)
  100 to \<200                                                           n (%)          46,850 (81.4)               10,718 (18.6)                  57,568 (16.1)
  200 to ‐\<350                                                          n (%)          86,806 (84.6)               15,848 (15.4)                  102,654 (28.7)
  350 to \<500                                                           n (%)          68,142 (86.3)               10,836 (13.7)                  78,978 (22.1)
  ≥500                                                                   n (%)          74,377 (88.0)               10,166 (12.0)                  84,543 (23.6)
  First elevated viral load (copies/mL)                                  Median (IQR)   2574 (810 to 23599)         6448 (1048 to 66950)           2891 (837 to 28728)
  400 to \<=1000                                                         n (%)          96,773 (86.9)               14,552 (13.1)                  111,325 (29.6)
  \>1000                                                                 n (%)          215,017 (82.6)              45,306 (17.4)                  260,323 (70.4)
  Time since entry into HIV care as proxied by first laboratory result   Median (IQR)   38.4 (23.8 to 57.9)         34.4 (20.0 to 53.7)            37.8 (23.2 to 57.2)
  Year of first elevated viral load (eligibility)                                                                                                  
  2004/2005                                                              n (%)          556 (83.1)                  113 (16.9)                     669 (0.2)
  2006/2007                                                              n (%)          10,253 (85.5)               1740 (14.5)                    11,993 (3.2)
  2008/2009                                                              n (%)          38,317 (85.2)               6658 (14.8)                    44,975 (12.1)
  2010/2011                                                              n (%)          80,147 (84.6)               14,626 (15.4)                  94,773 (25.5)
  2012/2013                                                              n (%)          111,522 (83.2)              22,479 (16.8)                  134,001 (36.1)
  2014                                                                   n (%)          70,995 (83.3)               14,242 (16.7)                  85,237 (22.9)
  Province                                                                                                                                         
  Eastern Cape                                                           n (%)          36,419 (81.6)               8224 (18.4)                    44,643 (12.0)
  Free State                                                             n (%)          16,331 (82.6)               3430 (17.4)                    19,761 (5.3)
  Gauteng                                                                n (%)          84,006 (83.9)               16,109 (16.1)                  100,115 (26.9)
  Kwazulu‐Natal                                                          n (%)          60,499 (87.5)               8605 (12.5)                    69,104 (18.6)
  Limpopo                                                                n (%)          25,432 (82.4)               5420 (17.6)                    30,852 (8.3)
  Mpumalanga                                                             n (%)          31,080 (82.9)               6373 (17.1)                    37,453 (10.1)
  North West                                                             n (%)          26,751 (81.9)               5900 (18.1)                    32,651 (8.8)
  Northern Cape                                                          n (%)          5931 (81.8)                 1321 (18.2)                    7252 (2.0)
  Western Cape                                                           n (%)          25,341 (84.9)               4476 (15.1)                    29,817 (8.0)

First two columns are row percentages, total column is column percentage.

John Wiley & Sons, Ltd

We found that, overall, 83.9% (95% Confidence Interval (CI): 83.7% to 84.0%) had a repeat viral load test within 24 months of the first elevated viral load. Median (interquartile range (IQR)) time to repeat viral load testing, as estimated in Kaplan--Meier failure curves, was 7.5  months (5.3 to 12.0) among patients with first viral load 400 to 1000 copies and 6.2 months (4.0 to 11.1), among patients with a first elevated viral load \>1000 copies (Table [2](#jia225542-tbl-0002){ref-type="table"}). At first elevated viral load, the median (IQR) viral load was 2891 copies/mL (837 to 28,728) and the median (IQR) CD4 count was 326 cells/mm^3^ (196 to 488)). Of those who had an elevated viral load between 400 and 1000 copies/mL, 86.9% (n = 96,773) had repeat viral load within 24 months, but only 56.4% (n = 54,552) had a repeat viral load within the recommended six months (defined as up to nine months). Of those who had an elevated viral load \>1000 copies/mL, 82.6% (n = 215,017) had repeat viral load, but only 47.7% (n = 102,502) had a repeat viral load within the recommended two to three months (defined as up to six months).

###### 

Repeat viral load testing and repeat testing within guidelines among those with an initial elevated viral load (\>400 copies/mL) in South Africa's National HIV Cohort between 2004 and 2014 (n = 371,648)

+---------------------------------------+-------------------+----------------------------------------------------------------+------------------------------------------+-------------------------------------------------------------------------------------+
| First elevated viral load (copies/mL) | Follow‐up time    | Time to repeat viral load among those with a repeat viral load | N (%) repeat viral load within 24 months | N (%) repeat viral load within guidelines[^a^](#jia225542-note-0003){ref-type="fn"} |
|                                       |                   |                                                                |                                          |                                                                                     |
|                                       | median (IQR)      | median (IQR)                                                   |                                          |                                                                                     |
+=======================================+===================+================================================================+==========================================+=====================================================================================+
| 400 to 1000                           | 7.5 (4.7 to 12.4) | 7.5 (5.3 to 12.0)                                              | 96,773 (86.9)                            | 54,552 (56.4)                                                                       |
+---------------------------------------+-------------------+----------------------------------------------------------------+------------------------------------------+-------------------------------------------------------------------------------------+
| \>1000                                | 6.2 (3.2 to 11.9) | 6.2 (4.0 to 11.1)                                              | 215,017(82.6)                            | 102,502 (47.7)                                                                      |
+---------------------------------------+-------------------+----------------------------------------------------------------+------------------------------------------+-------------------------------------------------------------------------------------+
| Total                                 | 6.5 (3.7 to 12.0) | 6.5 (4.0 to 11.7)                                              | 311,790 (83.9)                           | 157,054 (50.7)                                                                      |
+---------------------------------------+-------------------+----------------------------------------------------------------+------------------------------------------+-------------------------------------------------------------------------------------+

LTF, loss to follow‐up; VL, viral load.

Within two to ‐three months for those with a first elevated viral load \>1000 (operationalized as within six months) and within six months for those with a first elevated viral load 400 to 1000 (operationalized as within nine months).

John Wiley & Sons, Ltd

Although 84% of the cohort had a repeat VL test after entering care, 52.3% of the cohort was virally suppressed at that test. Median (IQR) follow‐up time to first suppressed viral load after first elevated viral load among the cohort was 12.9 months (6.7 to 26.8).

Stratified Kaplan--Meier curves of time to repeat viral load testing are shown in Figure [2](#jia225542-fig-0002){ref-type="fig"} and adjusted hazard ratios for repeat viral load testing are shown in Table [3](#jia225542-tbl-0003){ref-type="table"}. We found a small increase in likelihood of repeat testing associated with both higher viral load value (adjusted Hazard Ratio (aHR) 1.11; 95% CI: 1.10 to 1.12 comparing viral load \>1000 vs 400 to 1000 copies/mL) and very low CD4 counts at first elevated viral load (aHR 1.16; 95% CI: 1.13 to 1.19 comparing CD4 \< 50 vs \>=500 cells/mm^3^). Young age was associated with longer time until repeat testing (\<25 vs \>=50 years old, aHR: 0.83; 95% CI: 0.81 to 0.84). Larger clinic size was associated with increased repeat testing (highest quartile vs lowest aHR: 1.28; 95% CI: 1.26 to 1.29). We also found that province and year of eligibility were predictive of time to repeat viral load, but little association with sex or year at elevated viral load. The median time to repeat viral load testing increased year on year from 2005 until 2012 when it appears to have levelled off at a median of about seven months (Table [4](#jia225542-tbl-0004){ref-type="table"}). However, the per cent with a repeat viral load within guidelines has declined from 77% in 2005 to 45% in 2014.

![Kaplan--Meier curves of time to repeat viral load testing among those with an initial elevated viral load (\>400 copies/mL) in South Africa's National HIV Cohort between 2004 and 2014 (n = 371,648) stratified by predictors: **(A) Province**; **(B) Sex**; **(C) CD4 count**; **(D) Viral Load (E) Clinic size**; **(F) Age**; **(G) Year of eligibility**.](JIA2-23-e25542-g002){#jia225542-fig-0002}

###### 

Hazard Ratios of Predictors of Time to Repeat Viral Load among those with an initial elevated viral load (\>400 copies/mL) in South Africa's National HIV Cohort between 2004 and 2014 (n = 371,648)

+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Factor                                            | N       | Repeat viral load | Person‐months (Total) | Rate/100 person months | Adjusted hazard ratio |
|                                                   |         |                   |                       |                        |                       |
|                                                   |         |                   |                       |                        | (95% CI)              |
+===================================================+=========+===================+=======================+========================+=======================+
| CD4 count at first elevated viral load (cells/mL) |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| \<50                                              | 15,558  | 10,790            | 92,753.5              | 11.70                  | 1.16 (1.13 to 1.19)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
|                                                   |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 50 to 100                                         | 18,758  | 14,440            | 138,522.2             | 10.47                  | 1.01 (0.99 to 1.03)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 100 to 200                                        | 57,568  | 46,850            | 470,351.8             | 10.01                  | 0.97 (0.95 to 0.98)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 200 to 350                                        | 102,654 | 86,806            | 879,715.2             | 9.92                   | 0.97 (0.95 to 0.98)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 350 to 500                                        | 78,978  | 68,142            | 689,931.4             | 9.92                   | 0.98 (0.97 to 0.99)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| ≥500                                              | 84,543  | 74,377            | 742,412.4             | 10.02                  | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Age at first elevated viral load (years)          |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| \<25                                              | 22,629  | 17,936            | 202,928.4             | 8.87                   | 0.83 (0.81 to 0.84)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
|                                                   |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 25 to 30                                          | 57,499  | 47,695            | 496,770.8             | 9.65                   | 0.91 (0.89 to 0.92)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 30 to 40                                          | 156,889 | 132,777           | 1,318,031.7           | 10.13                  | 0.95 (0.94 to 0.97)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 40 to 50                                          | 90,418  | 77,052            | 758,057.4             | 10.22                  | 1.00 (0.98 to 1.01)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| \>50                                              | 44,213  | 36,330            | 360,535.4             | 10.08                  | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Sex                                               |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Male                                              | 119,609 | 97,010            | 995,448.8             | 9.80                   | 0.93 (0.93 to 0.94)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Female                                            | 247,353 | 210,811           | 2,093,344.2           | 10.07                  | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Year of eligibility                               |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 2004/2005                                         | 669     | 556               | 3,487.2               | 16.03                  | 1.60 (1.47 to 1.74)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 2006/2007                                         | 11,993  | 10,253            | 74,478.2              | 13.83                  | 1.47 (1.43 to 1.50)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 2008/2009                                         | 44,975  | 38,317            | 326,519.1             | 11.79                  | 1.27 (1.25 to 1.29)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 2010/2011                                         | 94,773  | 80,147            | 823,232.7             | 9.78                   | 0.97 (0.96 to 0.98)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 2012/2013                                         | 134,001 | 111,522           | 1,197,656.5           | 9.36                   | 0.91 (0.88 to 0.93)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 2014                                              | 85,237  | 70,995            | 709,105.7             | 10.01                  | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Clinic size quintile (patients)                   |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 1 to 1189                                         | 105,673 | 87,240            | 945,011.6             | 9.23                   | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 1190 to 3691                                      | 82,068  | 68,543            | 725,460.4             | 9.50                   | 1.00 (0.99 to 1.01)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 3701 to 8415                                      | 67,779  | 57,128            | 571,252.4             | 10.05                  | 1.04 (1.03 to 1.05)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 8549 to 19968                                     | 60,716  | 51,239            | 493,025.8             | 10.45                  | 1.11 (1.10 to 1.12)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 20229 to 145004                                   | 55,412  | 47,640            | 398,481.1             | 12.02                  | 1.28 (1.26 to 1.29)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Years on ART at elevated viral load               |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| \<1                                               | 24,863  | 18,836            | 174,251.3             | 10.80                  | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 1 to 1.9                                          | 73,068  | 60,013            | 579,968.7             | 10.34                  | 1.02 (1.00 to 1.04)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 2 to 2.9                                          | 75,844  | 63,638            | 629,302.9             | 10.11                  | 1.03 (1.01 to 1.05)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 3 to 3.9                                          | 65,929  | 56,035            | 562,833.4             | 9.96                   | 1.03 (1.01 to 1.05)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 4 to 4.9                                          | 47,843  | 40,818            | 424,211.9             | 9.62                   | 1.02 (1.01 to 1.04)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 5+                                                | 84,101  | 72,450            | 751,146.1             | 9.64                   | 1.05 (1.03 to 1.07)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Elevated viral load (copies/mL)                   |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| 400 to 1000                                       | 110,205 | 95,793            | 1,006,914.2           | 9.51                   | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| \>1000                                            | 261,443 | 215,997           | 2,114,800.1           | 10.21                  | 1.11 (1.10 to 1.12)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| Province                                          |         |                   |                       |                        |                       |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| EC                                                | 44,643  | 36,419            | 416,501.9             | 8.79                   | 1.03 (1.02 to 1.05)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| FS                                                | 19,761  | 16,331            | 166,910.1             | 9.84                   | 1.18 (1.15 to 1.20)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| GP                                                | 100,115 | 84,006            | 781,089.0             | 10.76                  | 1.24 (1.22 to 1.26)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| KZN                                               | 69,104  | 60,499            | 542,008.7             | 11.22                  | 1.45 (1.43 to 1.47)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| MP                                                | 37,453  | 31,080            | 355,095.7             | 8.80                   | 1.01 (0.99 to 1.03)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| NW                                                | 32,651  | 26,751            | 299,726.5             | 8.97                   | 1.01 (0.99 to 1.03)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| NC                                                | 7252    | 5931              | 62,774.0              | 9.50                   | 1.15 (1.11 to 1.19)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| WC                                                | 29,817  | 25,341            | 219,101.4             | 11.63                  | 1.44 (1.42 to 1.47)   |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
| LP                                                | 30,852  | 25,432            | 290,891.2             | 8.79                   | Reference             |
+---------------------------------------------------+---------+-------------------+-----------------------+------------------------+-----------------------+
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###### 

Relationship between year of first elevated viral load (\>400 copies/mL) and time to repeat viral load testing in South Africa's National HIV Cohort between 2004 and 2014 (n = 371,648)

+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| Year of first elevated viral load | Follow‐up months  | \% Repeat viral load | \% With repeat viral load within guidelines[^a^](#jia225542-note-0005){ref-type="fn"} |
|                                   |                   |                      |                                                                                       |
|                                   | Median (IQR)      |                      |                                                                                       |
+===================================+===================+======================+=======================================================================================+
| 2005                              | 3.7 (1.8 to 6.3)  | 83.1                 | 77.3                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2006                              | 4.7 (2.0 to 6.7)  | 85.6                 | 70.6                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2007                              | 5.5 (2.7 to 7.3)  | 85.4                 | 64.0                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2008                              | 5.8 (2.8 to 8.1)  | 83.8                 | 63.7                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2009                              | 6.0 (3.7 to 8.1)  | 85.8                 | 64.0                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2010                              | 6.4 (3.7 to 12.0) | 84.5                 | 53.6                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2011                              | 6.5 (3.9 to 12.2) | 84.7                 | 51.6                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2012                              | 7.3 (3.9 to 12.8) | 83.0                 | 44.8                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2013                              | 6.9 (3.7 to 12.3) | 83.4                 | 46.7                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+
| 2014                              | 6.8 (3.4 to 12.2) | 83.3                 | 45.3                                                                                  |
+-----------------------------------+-------------------+----------------------+---------------------------------------------------------------------------------------+

CI, confidence interval; EC, Eastern Cape; FS, Free State; GP, Gauteng; KZN, KwaZulu Natal; LP, Limpopo; MP, Mpumalanga; NC, Northern Cape; NW, North West; VL, viral load; WC, Western Cape.

Within two to three months for those with a first elevated viral load \>1000 (operationalized as within six months) and within six months for those with a first elevated viral load 400 to 1000 (operationalized as within nine months).
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We found variation in the proportion of patients having a repeat viral load and the median time to repeat viral load testing by province. Table [5](#jia225542-tbl-0005){ref-type="table"} shows the variation by province. At the province level, the median (IQR) time to repeat testing was 5.1 months (3.1 to 9.2) in Western Cape but 8.2 months (4.6 to 12.9) in Mpumalanga province.

###### 

Geographical variation in median time to repeat viral load testing among those with an initial elevated viral load (\>400 copies/mL) in South Africa's National HIV Cohort between 2004 and 2014 (n = 371,648)

  Province        N         Median (IQR)        \% Repeat viral load   \% Repeat viral load within guidelines[^a^](#jia225542-note-0006){ref-type="fn"}
  --------------- --------- ------------------- ---------------------- ----------------------------------------------------------------------------------
  Eastern Cape    44,643    7.4 (4.0 to 12.9)   81.6                   43.2
  Free State      19,761    6.4 (4.0 to 11.9)   82.6                   50.6
  Gauteng         100,115   6.0 (3.0 to 11.8)   83.9                   54.8
  KwaZulu‐Natal   69,104    6.2 (3.5 to 11.5)   87.6                   54.6
  Limpopo         30,852    7.5 (4.7 to 12.7)   82.4                   41.3
  Mpumalanga      37,453    8.2 (4.6 to 12.9)   83.0                   38.9
  North West      32,651    7.1 (4.1 to 12.7)   81.9                   43.3
  Northern Cape   7252      6.6 (3.9 to 12.2)   81.8                   48.6
  Western Cape    29,817    5.1 (3.1 to 9.2)    84.9                   66.8

Within two to three months for those with a first elevated viral load \>1000 (operationalized as within six months) and within six months for those with a first elevated viral load 400 to 1000 (operationalized as within nine months).
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4. DISCUSSION {#jia225542-sec-0013}
=============

In the first national analysis of time to repeat viral load testing among South African HIV patients with an elevated viral load (i.e. indicated to have repeat testing after adherence counselling), we found that most patients (about 84%) received a repeat viral load, but only half did so within the time periods called for by guidelines. There was variation in the time to repeat testing by province, with provincial level estimates ranging from a median of 5.1 months to 8.2 months. While eight months (the upper end of the distribution we found) is higher than desired, for a national programme this is not surprising. What may be more surprising was the lower end where the best performing province had a median of about five months to repeat testing.

Of interest, there was little difference between the time to repeat viral load testing among those who had an elevated viral load between 400 and 1000 copies/mL and those with a viral load \>1000 copies/mL. While we saw a small, but precise, difference, it would be a mistake to over‐interpret these differences given the large size of the database (giving narrow confidence intervals) and the fact that our estimates surely have some bias related to the imprecise matching algorithm used to create longitudinal patient records. Those with viral loads \>1000 copies/mL were slightly more likely to have any repeat test, which would be expected given that those with higher viral loads are recommended to have repeat testing earlier. Despite these findings, we found that fewer patients were receiving repeat testing within the recommended time frames of within six months for those with a viral load 400 to 1000 copies/mL and within two to three months for those with a viral load \>1000 copies/mL. We found that only about half of patients with an elevated viral load met these guidelines, emphasizing the need for renewed efforts to ensure timely testing. Of note, South Africa's 2019 ART Clinical Guidelines \[[36](#jia225542-bib-0036){ref-type="ref"}\] has remove the distinction between a viral load 400 to 1000 and \>1000, requiring all patients with a viral load \>50 to have repeat testing after three months. It remains unclear what impact this will have on repeat testing given the current limitations on repeat testing at three months for those with high viral loads, but monitoring of patterns of repeat testing with more recent data will be important for improving programmatic outcomes.

The reasons for delays in repeat testing have not yet been well described and more work is needed to understand what the causes of these delays are in order to inform effective interventions to reduce time to repeat testing. Our data cannot shed light on this problem because we neither have patient level visit data nor information on reasons for delays. Still, we suspect that the reasons relate to both patient and provider level factors. For patients, the burden of accessing treatment combined with HIV‐related stigma may lead to delays in returning for clinic visits and specialized programmes may be needed to counsel patients who are having difficulty resuppressing \[[37](#jia225542-bib-0037){ref-type="ref"}\]. On the other hand if providers are the main driver, either through lack of familiarity with guidelines, a belief that it is safe to wait to retest patients or because clinics are overburdened and cannot accommodate the volume of patients they must care for, then interventions targeted at providers are likely to have more benefit \[[38](#jia225542-bib-0038){ref-type="ref"}, [39](#jia225542-bib-0039){ref-type="ref"}\].

While the delays in repeat testing we found were longer than hoped, they are in line with what has been observed in other published studies. In South Africa, a median of between roughly 2.9 months in cohort of patients in nine clinics largely in Gauteng province \[[11](#jia225542-bib-0011){ref-type="ref"}\] and 6.8 months in KwaZulu Natal province \[[13](#jia225542-bib-0013){ref-type="ref"}\] has been observed. Thus our estimate of a median of six months is within the range of what has previously been observed, but provides a much more representative picture of repeat testing within South Africa because of the national scope of our analysis. This may also suggest that some of the single clinic analyses of repeat testing come from well‐resourced clinics (certainly the one we are affiliated with \[[11](#jia225542-bib-0011){ref-type="ref"}\] is) and therefore may not be representative of the national programme. On the positive side, we found that most patients did in fact have repeat testing. As neither of the studies we identified that reported time to repeat testing reported the percentage of patients who had repeat testing, we cannot compare our results to other studies, but our results suggest that the need for repeat testing is understood even if the timing of repeat testing is longer than desirable.

The delays we observed in repeat testing are particularly problematic given attempts to reach 90‐90‐90 targets and to reduce transmission. Further delays in switching have been shown to be associated with poorer outcomes \[[11](#jia225542-bib-0011){ref-type="ref"}, [40](#jia225542-bib-0040){ref-type="ref"}\] and increase the risk of transmission. Perhaps, even more concerning is the fact that the time to repeat viral load testing has been increasing over time. To an extent this is expected, as programmatic scale up would likely make it more difficult to manage the large number of patient in care and the time to repeat testing does appear to have stabilized in the later years of the cohort. Further efforts to reduce the time to repeat testing may need to focus on those areas with this longest delays to make the most impact.

Our study is the largest to date to assess time to repeat viral load testing among patients with an elevated viral load and one of the first to able to account for silent transfers. However, our study also has some important limitations. First, our cohort is created from a laboratory database with no unique identifier. The probabilistic matching cohort can lead to both over matching (where we link records that should not be linked) and undermatching (where we fail to link records that should be linked). Since we use laboratory records to identify repeat testing in this analysis, overmatching could create the appearance of faster repeat testing for some patients. It could also make it appear that some patients who never had repeat testing did have a repeat viral load. Undermatching would likely cause us to overestimate time to repeat testing and to overestimate failure to have a repeat test. As we do not know the exact mix of over and undermatching in this subset of the cohort, we cannot say in which direction this would likely bias our results, though we believe undermatching is more common than overmatching. Second, we do not have clinic visit data in this cohort, only laboratory data. While this would not impact our ability to determine the time to repeat testing, visit data could tell us if delays were related to patient missing visits or not. Third, while our data represent a national profile from the largest HIV programme in the world, it is still only one programme that is unique within the region and the results cannot be extrapolated to other countries.

5. CONCLUSIONS {#jia225542-sec-0014}
==============

In conclusion, we found that repeat testing for patients with an elevated viral load was longer than recommended by current treatment guidelines, but that the proportion of patients receiving repeat testing was high. In order to achieve the UNAIDS 90‐90‐90 targets, a renewed effort at ensuring patients with an elevated viral load receive care that will allow them to resuppress in as short a time as possible is essential. Future work should specifically address the reasons for delays in repeat testing in order to ensure targeted interventions are most likely to succeed.
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